I. Introduction
===============

Malignant tumors associated with prolonged fever have been reported for over 50 years \[[@B8], [@B10]\]. Some of the reported cases were associated with hematological malignancies \[[@B4]\], or carcinomas of the gastrointestinal or respiratory tracts \[[@B3], [@B11]\]. However, fever as a primary symptom in mesenchymal tumors, especially in soft tissue sarcomas, is a relatively rare event \[[@B1]\]. Some smooth muscle malignant tumors have been reported to be accompanied by fever of unknown origin \[[@B3]\]. Recently, increased production of proinflammatory cytokines and chemokines, such as interleukin-1α (IL-1α), interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-8 (IL-8), interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α) and cyclooxygenase-2 (COX-2) messenger RNA (mRNA), have been reported and suggested to be febriferous in acute and chronic inflammatory diseases \[[@B2], [@B4], [@B5], [@B9], [@B12], [@B13], [@B16], [@B17]\]. These cytokines are produced by immune cells including various populations of lymphocytes macrophages and other cells. A pleomorphic type of malignant fibrous histiocytoma (MFH) presenting with fever was reported IL-6 \[[@B7]\]. Herein, we describe a case with inflammatory type MFH accompanied by prolonged fever. Using peripheral blood and tumor tissue from this patient, we investigated the expressions of IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-8, IFN-γ, TNF-α and COX-2 mRNAs, which are reportedly febriferous in inflammation.

Case report
-----------

The patient was a 51-year-old male, who visited our hospital with a chief complaint of a medial mass in his left thigh that had increased in size over a period of one month. A CT-scan and MRI showed a large mass close to the femoral vessels (Fig. [1](#F1){ref-type="fig"}). Hematologic laboratory data on admission were as follow: Hb 10.0 g/dl, WBC 7.8×10^3^ ml, Ht 29.7%, platelets 601×10^3^/ml, CRP was 13.4 mg/dl, and tumor markers (CEA, AFP and CA19-9) were within normal limits. Gastroscopic and colonoscopic examinations, radiographs and CT-scan of chest, and abdominal echo and CT-scan showed no abnormalities. Though the patient had a fever spiking to more than 40°C for 6 weeks, we found no infectious lesions that might be responsible for the fever. The patient underwent open biopsy. Inflammatory cells, fibrous spindle cells and bizarre cells were identified histologically, and MFH was suspected (Fig. [2](#F2){ref-type="fig"}).

Wide excision of the tumor with accompanying vessels was performed, followed by reconstruction using the contralateral saphenous vein as the graft vessel. Inflammatory MFH was diagnosed, based on histology and the results of immunohistochemistry (Table [1](#T1){ref-type="table"}) and electron microscopy (Fig. [3](#F3){ref-type="fig"}). The spiking fevers disappeared 2--3 days postoperatively. This patient has remained in good health for 7 years and 2 months to date since surgery.

II. Materials and Methods
=========================

Preoperative peripheral blood and the excised tumor tissue were submitted for reverse transcription and polymerase chain reaction (RT-PCR) as decribed elsewhere. Briefly, surgical samples were taken during the operation, and snap frozen in liquid nitrogen. From peripheral blood samples, mononuclear cells were prepared using Lymphoprep (Nycomed, Torshov, Norway) gradient centrifugation. Negative control lymphocytes were collected from healthy volunteers. Informed consent was obtained from the patient before sampling. RNA was extracted using an RNAzol^TM^ (Biotecx, Houston, TX, USA) rapid extraction kit. A single strand complementary DNA (cDNA) copy was made from total RNA using random hexamer primers and AMV reverse transcriptase. Oligonucleotide primers complementary to human IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-8, IFN-γ, TNF-α and COX-2 mRNAs for PCR amplification were prepared using a DNA synthesizer (Applied Biosystems 381A, Foster City, CA, USA). PCR amplification was performed using a DNA thermal cycler (PerkinElmer Life and Analytical Science, Wellesley, MA, USA). After 25, 30 and 35 cycles of amplification, samples were taken to examine amplification products. This established the linear phase of amplification for each PCR product relative to internal control β-actin. Each cycle consists of 1 min at 94°C to denature double stranded DNA, 1 min at 60°C for the primers to anneal to their complementary sequence and 1 min at 72°C for extension of DNA strands. The resulting PCR products were size fractionated on 2% agarose gels and visualized by ethidium bromide staining under ultraviolet light. Relative quantitation of the PCR products was accomplished by comparing the signals densitometrically.

Next, we immunohistochemically examined the localization of the proinflammatory cytokine, IL-8 (Abcam Ltd, Cambridge, UK), using frozen and formalin-fixed paraffin-embedded surgical specimens. Signals were detected employing the avidin-biotin peroxidase complex (ABC) technique using an ABC kit (Vector Laboratories, Burlingame, CA, USA).

For ultrastructural examination, sample tissues were fixed with 2% osmium tetroxide and embedded in Epon 812. Ultrathin sections were cut and stained with uranyl acetate and lead citrate and observed with a Hitachi H-800 electron microscope (Hitachi Ltd, Tokyo, Japan).

III. Results
============

The specimen excised from the muscle of the left thigh consisted of a solid yellow-white tumor measuring 18×10×10 cm, with central necrosis. On histopathological examination, the tumor section showed proliferation of atypical cells composed of spindle cells and multi- or mono-nuclear giant cells with prominent nucleoli. Numerous inflammatory cells infiltrating the tumor were evident, and mitosis and necrotic areas were recognized in the tumor. Eosinophilic cytoplasm was found in some tumor cells, raising the possibility of rhabdomyosarcoma in the differential diagnosis. However, tumor cells were negative for desmin, myocin and myoglobin, while being strongly positive for vimentin and actin and slightly positive for HAM56, suggesting a histiocytic origin (Table [1](#T1){ref-type="table"}). No myofilaments were found in tumor cells on ultrastructural examination. The tumor was ultimately diagnosed as MFH of the inflammatory type, and the surgical margin was negative.

On RT-PCR analysis of preoperative peripheral blood mononuclear cells, only IL-8 mRNA resulted in a visible product, while mRNAs of other proinflammatory cytokines were negative (Fig. [4](#F4){ref-type="fig"}). On the other hand, IL-6, IL-8, IFN-γ and TNF-α mRNAs were expressed in tumor tissue. The mRNAs of other cytokines, IL-1α, IL-1β, IL-2, IL-4 and COX-2, were not identified in a tumor tissue sample (Fig. [5](#F5){ref-type="fig"}). Sequences and lengths of oligonucleotide primers are shown in Table [2](#T2){ref-type="table"}.

Immunohistochemically stained frozen and paraffin sections from tumor tissue were positive for IL-8, in the cytoplasm of tumor tissue (Fig. [6](#F6){ref-type="fig"}).

IV. Discussion
==============

Irrespective of tumor histogenesis, the mechanism and causative factors underlying tumor-associated fevers usually remain undetermined. In the present case, the patient manifested a prominent prolonged fever with a spiking characteristic. The tumor raised suspicion of inflammatory MFH based on routine clinical, pathological, immunohistochemical and ultrastructural findings. Taking these observations together, we concluded that this patient suffered from tumor-related fever arising from a malignant mesenchymal tumor. As expected, the fever promptly disappeared after tumor resection. The factor(s) responsible for tumor-associated fever were of interest. The most probable explanation was *in situ* production of febriferous substance(s) by the tumor. We examined the expressions of several proinflammatory cytokine candidates by RT-PCR and detected expressions of IL-6, IL-8, IFN-γ and TNF-α mRNAs.

It was recently reported that the mRNAs of multiple proinflammatory cytokines, such as IL-1α, IL-1β, IL-6, IFN-γ and TNF-α, are associated with fever and other generalized symptoms. Several articles have described local production of cytokines by malignant tumors or tumor-infiltrating immune cells. For example, neuroblastoma \[[@B6]\], osteosarcoma \[[@B15]\] and MFH \[[@B7]\] have all been reported to produce IL-6, and this production was up-regulated by TNF-α and IL-1β. Among the many proinflammatory cytokines, IL-1 is thought to be among the factors most potently producing fever, via the induction of prostaglandins \[[@B14]\]. Its action is mediated through COX-2 induction \[[@B2]\]. In our present case, we detected expressions of IL-6, IL-8, IFN-γ and TNF-α mRNAs in tumor tissue, while no IL-1α, IL-1β, IL-2, IL-4 or COX-2 mRNA expression was found.

As the fever disappeared after tumor resection, it was reasonable to conclude in this case that tumor tissues were closely associated with the fever. IL-8 was suspected to be the febriferous substance based on the RT-PCR results from the patient's preoperative blood and tumor tissue samples. However, *in situ* immunohistochemical staining of tumor tissue sections revealed infiltrating tumor cells to be positive for IL-8. Intratumoral production of IL-8 and other proinflammatory cytokines (IL-6, IFN-γ and TNF-α) from inflammatory cells was speculated to be responsible for the fever in this case, leading us to further hypothesize that the production of these cytokines might be stimulated by a substance(s) derived from tumor tissue. Alternatively, our results might be attributable to stimulation from a causative factor produced by tumor tissue, since the fever disappeared after tumor resection.
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![T2-weighted MRI shows a high intensity mass (black and white arrows).](AHC05053f01){#F1}

![Atypical cells undergoing mitosis and many infiltrating inflammatory cells in the tumor mass (arrows) (H&E: high power view).](AHC05053f02){#F2}

![Ultrastructural examination reveals no myofilaments (×5000).](AHC05053f03){#F3}

![RT-PCR findings, obtained with preoperative peripheral blood mononuclear cells, were positive only for IL-8 (243 bp) mRNA.](AHC05053f04){#F4}

![Expressions of IL-6 (610 bp), IL-8 (243 bp), IFN-γ (330 bp) and TNF-α (429 bp) mRNAs were detected in a tumor tissue sample. No IL-1α, IL-1β, IL-2, IL-4 or COX-2 mRNA was detected in either sample.](AHC05053f05){#F5}

![Immunohistolochemically, paraffin sections of tumor tissue stained positive for IL-8 (immunohistochemical staining: high power view).](AHC05053f06){#F6}

###### 

Immunohistochemical results

  Antibody               Methods[\*](#tblfn1){ref-type="table-fn"}   Results[\*\*](#tblfn2){ref-type="table-fn"}
  ---------------------- ------------------------------------------- ---------------------------------------------
  Vimentin               ABC                                         +++
  Actin                  ABC                                         +++
  HAM56                  ABC                                         \+
  S-100 protein          ABC                                         \+
  α-1-antitrypsin        ABC                                         \+
  α-1-antichymotrypsin   ABC                                         \+
  Desmin                 ABC                                         −
  Myosin                 ABC                                         −
  Myoglobin              ABC                                         −

ABC=avidin-biotin peroxidase complex.

+++, many tumor cells stained; ++, some tumor cells stained; +, few tumor cells stained; −, no tumor cell staining.

###### 

Sequences and lengths of oligonucleotide primers

          Sequence (5\'→3\')   Fragments (bp)                 
  ------- -------------------- ------------------------------ -----
  IL-1α   sense                GTAAGCTATGGCCCACTCCAT          408
          antisense            TGACTTATAAGCACCCATGTC          
  IL-1β   sense                GACCTGGACCTCTGCCCTCTG          408
          antisense            AGGTATTTTGTCATTACTTTC          
  IL-2    sense                AACTCCTGTCTTGCATTGCA           441
          antisense            GTGTTGAGATGATGCTTTGAC          
  IL-4    sense                CAACTTTTGTCCACGGACAC           345
          antisense            TCCAACGTACTCTGGTTGG            
  IL-6    sense                AACTCCTTCTOCACAAGCG            610
          antisense            TGGACTGCAGGAACTCCTT            
  IL-8    sense                CTTAGATGTCGATGCATAAAGACATACT   243
          antisense            ACACCTCTTTCAAAACTTCTCCCGACTC   
  IFN-γ   sense                TGTTACTGCCAGGACCCA             330
          antisense            GCGTTGGACATTCAAGTC             
  TNF-α   sense                CAGGCAGTCAGATCATCATCT          429
          antisense            ATAGTCGGGCCGATTGAT             
  COX-2   sense                GGTCTGGTGCCTGGTCTGATGATG       569
          antisense            GTCCTTTCAAGGAGAATGGTGC         
